Hangekobokuto (banxia-houpo-tang) is a Kampo (traditional Japanese) medicine used mostly for anxiety disorder and consists of Pinellia Tuber, Poria Sclerotium, Magnolia Bark, Perilla Herb and Ginger. Perilla Herb contains an essential oil rich in perillaldehyde, which has a pleasant flavor, but this is easily lost due to heating. We therefore investigated how the major constituents of hangekobokuto, namely perillaldehyde, rosmarinic acid, magnolol and [6]-gingerol, varied with time during decoction and approached an optimal condition for decoction. Rosmarinic acid at 15 min after boiling, and magnolol and [6]-gingerol at 30 min were mostly extracted, while 0.09 mg of perillaldehyde remained at 15 min, but was not detected at 30 min. From these results, a decoction was prepared by adding Perilla Herb 1, 2, 5 and 10 min prior to the termination time of decoction at 30 min. When Perilla Herb was added 1 min beforehand, perillaldehyde was abundant (1.58 mg) and the amount of rosmarinic acid was already the same as that in the conventional decoction at 30 min, but the amount of total extract was inadequate. When Perilla Herb was added 5 min beforehand, perillaldehyde remained to some extent (0.61 mg) and rosmarinic acid was significantly increased compared with that in the conventional decoction at 30 min. From these results, we can conclude that the decoction should be prepared by boiling for not more than 30 min and, if possible, Perilla Herb should be added 5 min prior to the termination time.
Hangekobokuto (banxia-houpo-tang) is a Kampo (traditional Japanese) medicine composed of five crude drugs: Pinellia Tuber, Poria Sclerotium, Magnolia Bark, Perilla Herb and Ginger. It was described in Jinkuiyaolue, the Chinese traditional literature established in the 3rd century that describes major chronic diseases and treatments. This text suggests that when having a foreign-body sensation such as a lump in the throat, called Plum-pit Qi in China, hangekobokuto is suitable. According to Kampo medicine, Pinellia Tuber and Poria Sclerotium remove stagnating water in the stomach to improve nausea, Ginger improves gastrointestinal activity, Magnolia Bark relaxes muscle tension to improve vitality stasis, and Perilla Herb also improves vitality stasis. Hangekobokuto is widely used for anxiety disorder, dyspepsia, asthma and foreign-body sensation in the throat. Hangekobokuto Extract is newly listed in the Japanese Pharmacopoeia (JP), 16th edition, and is regulated by three compounds: rosmarinic acid from Perilla Herb, magnolol from Magnolia Bark and [6]-gingerol from Ginger ( Figure 1 ) [1] . Several case reports and research papers about the effectiveness of this treatment for anxiety [2] , deglutition disorder [3, 4] and throat dysesthesia disease [5] have been previously published. Perilla Herb contains perillaldehyde, shisonin, apigenin, luteolin and rosmarinic acid [6] . JP Perilla Herb should contain not less than 0.08% perillaldehyde [6] . Perillaldehyde has a variety of biological properties such as antibacterial [7] , antimicrobial [8] and antidepressant-like activity [9] . It is also reported that the flavors of crude drugs themselves have biological activities like essential oils [10, 11] . So, the pleasant flavor of Perilla Herb, derived from perillaldehyde, may contribute to the effectiveness of hangekobokuto in this regard. Perillaldehyde is easily volatilized during decoction, but its behavior has not been studied. Thus, the aim of our study was to clarify the optimal decoction time of hangekobokuto by varying the chemical constituents with time and determining the effect of adding Perilla Herb 1, 2, 5 or 10 min prior to the termination time of decoction to maintain a high level of perillaldehyde, along with non-volatile rosmarinic acid.
In the first experiment, we investigated how the quantities of major constituents of hangekobokuto varied with time during decoction. A daily dose of hangekobokuto was decocted with 400 mL of water. About 13 min passed until boiling occurred, and each decoction was prepared by continuous boiling for 0, 15, 30, 45 and 60 min, respectively. Perillaldehyde, rosmarinic acid, magnolol and [6]gingerol from Ginger in each decoction were measured by HPLC (Table 1) . Perillaldehyde was detected in the decoction at 0 min (1.55±0.35 mg), but its level greatly decreased until 15 min (0.09±0.04 mg) and was not detected after 30 min. On the other hand, rosmarinic acid was mostly extracted by 15 min, and the amount did not show any significant difference from that in the decoctions at 30, 45 and 60 min. Magnolol and [6]-gingerol contents did not change in the decoction after 30 min. Thus, it is NPC Natural Product Communications 2012 Vol. 7 No. 12 1619 -1622 sufficient to prepare the hangekobokuto decoction with continuous boiling for 30 min, and there seems to be no justification to decoct it for more than that time if we are not concerned with the amount of perillaldehyde in the decoction.
Considering the biological activities of perillaldehyde in Perilla Herb, the crude drugs in hangekobokuto other than Perilla Herb were decocted, and Perilla Herb was added either 5 min (decoction : Pe5) or 10 min (Pe10) prior to the termination time of decoction, i.e., at 30 min, to maintain a high level of perillaldehyde content in the decoction. The constituents and total extract were compared with those in the conventional decoction at 30 min ( Table 2 ). Perillaldehyde in Pe5 was observed at an amount of 0.61±0.04 mg, but had almost disappeared in Pe10 (0.15±0.01 mg). The rosmarinic acid levels in Pe5 and Pe10 were 18.3±0.8 mg and 20.3±1.5 mg, respectively. They were significantly higher than that in the decoction at 30 min (14.4±1.6 mg). The total extract, magnolol and [6]-gingerol contents were the same as those in the conventional decoction at 30 min.
To determine the changes in greater detail, Perilla Herb was added 1 min (decoction: Pe1) and 2 min (Pe2) prior to the termination time of the decoction and the total extract, perillaldehyde and rosmarinic acid contents were measured (Figure 2 , Table 2 ). Perillaldehyde was abundant (1.58±0.07 mg) in Pe1, but decreased to 1.18±0.04 mg in Pe2. On the other hand, rosmarinic acid was extracted sufficiently in Pe1 (14.9±0.6 mg) and Pe2 (15.4±0.7 mg). Each amount of rosmarinic acid was the same as that in the decoction at 30 min (14.4±1.6 mg), though each amount of total extract was significantly less than that in the decoction at 30 min.
To clarify the increase of rosmarinic acid in Pe5 and Pe10, only Perilla Herb was decocted for 30 min, and the results were compared with those obtained when Perilla Herb was added to boiling water prior to the termination time of decoction. When Perilla Herb was added 5 and 10 min beforehand, the amounts of rosmarinic acid were 20.2±0.7 mg (n=4) and 22.1±0.9 mg (n=4), respectively. Both amounts were significantly large compared with that in the Perilla Herb decoction at 30 min (16.0±1.0 mg, n=4), as determined by the Tukey-Kramer test.
In summary, when Perilla Herb was added 1, 2, 5 and 10 min beforehand, perillaldehyde decreased within 15 min, but rosmarinic acid had been extracted sufficiently after 1 min. In Pe1 and Pe2, perillaldehyde was abundant and the amount of rosmarinic acid was the same as that in the decoction at 30 min, but the total extract amount was inadequate compared with that obtained in the conventional way. In Pe5, perillaldehyde remained to some extent, but rosmarinic acid was significantly increased compared with the amount obtained in the conventional way, and the amount of total extract was adequate. Since rosmarinic acid has a number of interesting biological activities such as antiviral, antibacterial, antiinflammatory, antioxidant [12] and antidepressant-like properties [13] , our study sought to increase it by adding Perilla Herb before finishing the decoction. When Perilla Herb itself was decocted, the rosmarinic acid level was significantly increased when Perilla Herb was added prior to the termination time of decoction, as is the case with the hangekobokuto decoction. From these results, it is suspected that the increase in rosmarinic acid is not influenced by other constituents and boiling water may cause more cellular destruction than gradually warming water and may promote the release of chemical constituents in the case of Perilla Herb. We also found that rosmarinic acid linearly increased from 0 to 15 min by checking the amount in each conventional decoction at 5 and 10 min, respectively (data not shown).
In conclusion, considering its active constituents, Perilla Herb should be added 5 min prior to the termination time of the decoction. If it is not possible to separate Perilla Herb from the crude drugs of hangekobokuto when prescribed as a mixture, a decoction time of not more than 30 min is sufficient. The decoction method in which Perilla Herb is added before the decoction is finished could increase the constituents, i.e. perillaldehyde and rosmarinic acid, and may lead to a better treatment for anxiety in particular. This method is worth trying if the medicine does not work well or if greater effectiveness is desired. The effective dosage of perillaldehyde when administered orally or nasally to humans is not clear, but it is known that the antidepressant-like
